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Device for connecting electronic components for driving an electric motor 



Field of the Invention 

The invention relates to a device for connecting electronic components used to drive an elec- 
tric motor. Such a device consists of a connecting component e.g. in the form of a lead frame 
which has tracks for the connection of the electrical motor supply lines and phase windings. 

Background of the Invention 

The invention is utilized in particular in the area of electronically-commutated brushless di- 
rect current (DC) motors, but is not limited to DC motors. Motors of this kind can be used in a 
variety of applications, examples being in automotive engineering, cooling pumps or steering 
support systems. Other application areas include ventilator fans in power supply units, or 
spindle motors in disk drives for data processing systems, just to mention a few. 

An electronically-commutated, brushless motor basically consists of a shaft, a rotor assembly 
equipped with one or more permanent magnets arranged on the shaft, and a stator assembly 
which incorporates a stator core and phase windings. Two bearings are mounted on the shaft 
at an axial distance to each other for rotatably supporting the rotor assembly and the stator 
assembly relative to each other. 

Fig. 1 shows a schematic circuit diagram of a drive circuit for a three-phase motor. The drive 
circuit in the illustrated example has six power transistors and additional further electronic 
components (not shown) which control motor operation. It is known in the prior art to design 
the motor drive electronics as an complete unit on a printed circuit board which is fitted to the 
motor as a plug-in unit or by other means. The connection between the PCB and the motor is 
established via connecting wires and cables which are connected to the PCB by soldering, 
plugging or similar means. Plug and solder connections as well as the wire lengths between 
the motor and the PCB increase the electrical resistance of the motor and, consequently, re- 
duce the electrical voltage available at the motor winding terminals. 
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Connections which can have a negative influence on the electrical resistance of the motor are 
created inside and outside a motor in the following areas (just to give a few examples): the 
connection of the motor phase windings with the neutral point (Y connection) in the case of a 
three-phase motor; the connection of windings belonging to one phase; the connection of the 
5 phase windings with a plug fitted to the motor housing or a cable; or the connection between 
such a plug and the electronics via a further plug connector or via a further solder connection 
to the electronics. 

From an earlier German patent application of the same applicant dated the 22 nd of June 2001 
(with the reference number 101 30 117.0) it is known in general to connect the endings of 

10 phase windings within the motor via lead frames. These lead frames have tracks stamped out 
of a sheet metal, the tracks being separated from each other by electrically-insulated material. 
Lead frames can be integrated in a plastic support component. The endings of the phase 
windings of the motor are connected to the lead frame by soldering, welding or a plug con- 
nection. In this application it has been described that signal wires in the motor drive electron- 

15 ics are connected via a plug/socket section. Relays are contained in a plastic support compo- 
- nent designed for this purpose. The electronic components for the motor drive device are ar- 
ranged on their own PCB, this being connected with the aforementioned signal wires. This 
causes the disadvantage described above resulting in increased resistance caused by plug or 
solder connections and additional cable wire lengths. 

20 An object of the invention is therefore to provide a device for connecting electronic compo- 
nents in an electronic drive circuit for an electric motor which minimizes losses caused by 
plug or solder connections and the lengths of cable wires and, in particular, reduces the num- 
ber of connections and cable wire lengths to a minimum. 

Summary of the Invention 

25 This object is solved by a device comprising the features of claim 1 . 

According to the present invention, a device for connecting electronic components for driving 
an electric motor is provided with a connecting component in the form of a lead frame having 
tracks for connecting the power supply wires and the phase windings of the electric motor. 
The tracks of the lead frame are designed to enable direct connection of the electronic compo- 
30 nents to the lead frame. Preferably the lead frame is designed such that it can be used as a 
direct or indirect support for the electronic components. It is particularly intended that the 
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lead frame is utilized directly as a support for the power transistors for driving the motor, or 
such that the pins of the power transistors can be directly connected to the lead frame. This 
enables the reduction of cable wire lengths between the motor and the electronic components 
and reduces the resistance of the connections. 

5 In a preferred embodiment of the invention the lead frame has a rotationally symmetrical 
shape, with the electronic components arranged on the lead frame in a rotationally symmetri- 
cal manner. This enables connection of the lead frame tracks and the electronic components 
with the associated motor phase windings along the shortest distance, thus minimizing losses 
caused by cable wire lengths. The lead frame can be flat, designed in a single plane or have a 

10 three-dimensional shape. A three-dimensional lead frame e.g. with elements and tabs bent at 
an angle which protrude from the tracks can more effectively dissipate the heat which is gen- 
erated by the electronic components. Additionally, a support component can be inserted be- 
tween the lead frame and the electronic components. This preferably acts as a heat sink and 
can have the shape of a metal plate. 

is The invention also relates to an electric motor comprising the features of claim 12. 

Other preferred embodiments of the invention are defined in the related claims. 

Short Description of the Drawings 

The invention is explained in more detail below on the basis of a preferred embodiment and 
with reference to the drawings, wherein: 

20 Fig. 1 shows a schematic circuit diagram of a drive electronic for a three-phase motor; 

Fig. 2 shows a schematic top (plan) view of a device for connecting electronic components in 
accordance with the invention; and 

Fig. 3 shows the arrangement of several power transistors on a carrier. 

Detailled Description of Preferred Embodiment 

25 Fig. 1 illustrates a schematic circuit diagram of a drive electronic for a three-phase motor. The 
motor has three phase windings (U, 12; V, 14; W, 16) shown in Fig. 1 in a Y(Wye) configu- 
ration 10. The three windings 12, 14, 16 are connected between a positive current bus bar 18 
and a negative current bus bar 20. The potential +Ubat is provided on the positive current bus 
bar 18 , the potential -U B at is provided on the negative current bus bar 20. According to the 



drive signals, the phase windings 12, 14, 16 are connected and disconnected to the supply bars 
18, 20 via six power switching components (Tl, 22; T2, 24; T3, 26; T4, 28; T5, 30; T6 5 32). 
The power switching components 22 to 32 are preferably MOSFET power transistors. They 
have drive control pins, denoted with Gl to G6 in Fig. 1. The drive control pins correspond in 
particular with the power transistor gates. The application of suitable drive signals to the 
power transistor gates energizes the phase windings 12 to 16 in the motor in order to control 
its operation. Methods for driving a brushless electronically-commutated motor are, for ex- 
ample, described in DE 100 33 561 Al and U.S. 6,400,109 Bl, which are incorporated by 
reference. 

According to the invention, the power switching components 22 to 32, the current supply bus 
bars 18, 20 and the phase windings 12, 14, 16 of the motor are directly connected to the lead 
frame which incorporates the tracks required in order to put the circuit shown in Fig. 1 into 
practice. Fig. 2 shows an example of such a lead frame. 

The lead frame shown in Fig. 2 implements the circuit shown in Fig. 1, with respective com- 
ponents and connections denoted with equivilant reference numbers marked by a slash ('). 

The lead frame shown in Fig. 2 incorporates a track 18' for connection with the positive sup- 
ply voltage +Ubat and a track 20' for connection with the negative supply voltage -Ubat- 
Furthermore, tracks 12', 14' and 16' are provided for connection with the phase windings U, 
V and W. Power transistors Tl to T6, 22' to 32' are electrically connected directly to the lead 
frame, the lead frame acting as a support component for the power transistors, thus minimiz- 
ing resistance caused by additional cable wire lengths and plug or solder connections. 

Fig. 2 in particular shows a circular, symmetrical arrangement for the power transistors Tl to 
T6, 22' to 26' and the associated tracks 12' to 20'. The drain pins of the transistors Tl to T3, 
22' to 26' are connected, to track 18' (which is connected to the positive +U BA t battery volt- 
age). The source pins of transistors T4 to T6, 28' to 32' are connected to track 20' (which is 
connected to the negative -Ubat battery voltage). The source and drain pins of transistors Tl 
and T4, T2 and T5 and T3 and T6 are respectively connected to each other, each having a 
connection 12', 14', 16' for phase windings U, V and W. The gate pins Gl to G6 of transis- 
tors 22' to 32' are leading away from the motor to the control electronics via separate con- 
nection tracks 34, 36, 38 (of which only three are shown in Fig. 2), the control electronic in 
turn triggering the power switches or power transistors Tl to T6. The connection of gates Gl 
to G6 of the power transistors Tl to T6 via separate tracks with the drive electronics is non- 
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critical, due to the low current value. This means that the additional resistance resulting from 
this connection is negligible relative to the motor power loss. 

The arrangement of the lead frame illustrated in Fig. 2 has the advantage that the motor phase 
windings can be lead and connected to the lead frame along the shortest distance, thanks to 

5 the symmetrical distribution of the tracks 12', 14% 18' and power transistors Tl to T6, 22' to 
32% wherein current distribution within the lead frame is symmetrical, minimizing losses and 
ensuring uniform triggering of individual motor phases. The lead frame according to the in- 
vention thus ensures a uniform and low loss current distribution under absolutely symmetric 
conditions on both the tracks that carry high currents and on the power switching components 

10 without the use of any plug connections. 

According to the present invention, it is intended that the phase windings are connected to the 
lead frame by soldering or welding. The cross section of individual tracks of the lead frame 
can thus be optimized, so that the resistance of these tracks is negligible under practical con- 
ditions and tracks do not heat up during operation. Additionally in order to improve heat dis- 
15 sipation, stamped and bent elements can be provided which protrude from the tracks. The 
individual tracks of the lead frame in accordance with the invention can be located in one or 
more planes. 

In a preferred embodiment of the invention the lead frame shown in Fig. 2 can be fitted to a 
support component which ensures the insulation between the tracks as well as the positioning 
20 of the tracks relative to each other. The current supply bars and the phase windings can be 
soldered or welded to the flat tracks on the lead frame. Alternatively, tabs or lugs which are 
stamped and bent at a right angle can be used in order to connect the tracks, the phase wind- 
ings and/or the power transistors. 

Fig. 3 shows the arrangement of transistors 22' to 32' on a carrier 40. The carrier 40 is used 
25 to fix the transistors 22' to 32' and can, in accordance with the invention, also act as a heat 
sink. The arrangement of the transistors 22' to 32' shown in Fig. 3 may also be connected via 
a suitably-shaped lead frame. 

The features disclosed in the aforementioned description, in the claims and in the figures may 
be of importance not only in the form of single items but as well as in any possible combina- 
30 tion in order to put the invention into practice in various configurations. 
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Reference Numbers 



10 Y connection 

12, 14, 16 Windings 

1 8 5 20 Current supply bus bar 

22-32 Power switching components 

34, 36, 38 Connection tracks 

40 Carrier 



